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ERGINEERING GEOLOGY OF THE
WARFORD MESA SUBDIVISION, ORINDA, CALIFORNIA
By Reuben Kachadoorian

INTRODUCTION
Purpose of mvestigatioﬁ

- On March 22, 1956 the San Fra.ncisco Oﬁ‘ice of the Federa.l
Bousing Authority requeated the Menlo Pa.rk Office of the U. s. i

:Geologica.l Burvey to eondnct a preliminary engineering geology
hlnvestigationj of cerba.in parta of the Harford Msaa. Subdivision in .

Orinda, Californi m site vas visited. for h hours on Ma.rch 26,
%1956 by Rsuben Kachadoorian und George Pln.fkar A brief prelmina.ry
report m prepa.red by Kachadoorian and P'J.afker. The - report was sub-
nitted 1'-0 the Federal kusin.g Authority hy the Chief Goologist of the- :
Geolog:lca.l Su.rvey on April 12, 1956 On }hy 21, W. R. Imax, Director
of Personnel, Federal Eousing Anthority, requested the Geological Sur-
vey to conduct a more detailed investigation that would include the
entire area of the Warford Mesa Subdivision. Accordingly, Reuben
Kachadoorian spent 19 days mapping the area, from June 18 to July 13.

He wes assisted by Dorothy H. Radbruch for a period of 5 days.

Methods of field work

Field mapping by the Geological Survey consisted of a series of
foot traverses during which notes and samples were taken, and geologic
information was gathered and plotted on a topographic map of 1:1,200



scale and on vertical serial photographs of 1:8,000 scale. The

information was later transferred to a topographic mep of 1:2,400

scale.

Acknowledgments

The base map uaed in this report (p1. 1) is a rednction from

1.1,200 to 1 2,1$OO or a topographic nap made by and. cbta.ined. through

the eourbesy of the Eaat Bay uunicipal Utility mstnet, Oekland, : f

Liforni 'nuetsen&l?ranciseo Ofﬁce of the Federal Kousing
Mthority furnished plot maps of the Va.rford. Mesa Subdivision. :

E
o

The ﬁa.rford Mesa Su’bdi_.visibn ldes 1n the south-central part of
the Briones Valley 7-1/2-minute quedrangle. The subdivision lies im-
mediately northeast of the town of Orinda, and is bounded on the
vest and north by California State Highway 24, locelly referred to
as Mount Disblo Boulevard, on the south by the Mount Disblo Base Line,
and on the east by the 122° 09' 48" meridian.

The topography of the area is typical foothills consisting of
Borth-northeastward-trending ridges with moderate slopes and moderate
V-ghaped streem valley profiles. This type of topography is considered
to be late youth stage of development. The altitude ranges from ap-
Proximately 500 feet at the extreme southwest corner of the area to

1,000 feet in the vicinity of Baseline Reservoir in the southeast
part of the area.



The subdivision is drained by several intermittent streams.
The west and northwest part of the area is drained by streaxns! that
flow westward, cross under the State Highway and then flow south-
southwestwvard into San Pablo Creek, immediately south of the mapped
area. Most of the remaining portion of the area is drained by streams
that flow southwestward into San Pablo Creek. San Pablo Creek flows
northwesw'ard into San Peblo Reservoir, appro:d.ma‘bely 2 3 miles ,

_{k“, northvest oi’ the mpped area.

-

Vege tion

.. The vegeta.tion of the area consists ot (1) vild oa.ts, grasses‘

and mall;patches of poison oa.k on the hintops and on the gentler
Ykalopes, e,nd. (2) oek, buckeye, 1aurel, small colonies of mnza.nita, i
andalushgrovthofpoieonoakonthe steeper alopes andinthe

gullies and canyons.
GENERAL GEOLOGY

The general geology of the Warford Mesa Subdivision is shown
on plate 1. The only formation exposed in the subdivision is the
Orinda formation of Tertiary age, which is composed of interbedded
conglomerates, sands, and clays. The surficial deposits are land-
slides and soilslides of Quaternary age. Boilslides are herein
defined as landslides that are confined to the soil profile.

Orinda formation

The Orinda formation is chiefly continental, lacustrine, and

fluviatile deposits and consists of interbedded (1) coarse to fine
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moderate brown to blue-gray conglomerates; (2) coarse- to fine-grained
light greenish-gray to yellowish-gray sands; (3) dusky yellow, light
olive-sra&, and greenish-gray to blue-gray ciays, and (4) a thin
yellowish-gray rhyolite tuff bed. All colors in this report are

taken from the Rock-color chart published in 1951, which was prepared
by thc Rock-color Chart comittee, and distributed by the Geological
Societyotherica. sl s _
eenglmeratc, ma, and claybeds strike from u.785° w.\ i

; 4 ;the mvfomtion oxposed 1n the :
,m-r ne&‘ sm:dm.mn u"'wa. e cotglcnarate beds, £
mtarbedded vithaand and olay beds, range from 1 to ks feet o
thickueis and averase a‘bout 6 to 8 feet in thi&ness. Severa.l of the .
emglmrcbebedlveremppedandm shown on plate 1. Only those

beds that cen be correlated from exposure to exposure are indicated
on plate 1. The conglomerate beds are massive and mbdera.tely cemented.
Locally, however, scme of the beds are poorly cemented, friable, and
porous. The pebbles consist chiefly of chert, quartz, fine-grained
volcanice rocks, and minor amounts of sandstone which were probably
derived from the F;'anciacan and Cretaceocus rocks west of the area.
The pebbles are subrounded to rounded and average only three-eighths
of an inch in dimetar. Although uncommon, pebbles up to 3 inches in
diameter occur in tho conglomerate.

The matrix of the conglomerate is fins-grained !sand consisting
of quartz and feldspar grains, and clays of the montmorillonite group.



Locally, 1illite and kaolinite clays are associated with the montmoril-
lonite. ‘

Sandstone mekes up approximately 15 percent of the exposed sedi-
ments of the Orinda formstion. Most of the sandstone beds are massive,
moderstely cemented, and range from 2 to 15 feet in thickness, end
a%@e 7 to 8 feet in thickness. Locally, the beds are frisble
a.mi crumble easily 'me sands are coerse- to ﬁ.ne-grained, sub- |

angnla.r ‘to‘ mbmund.ed, and. consist principally of quartz and feld-»,

ofbeda ofclay meclaybedsareasmchaslloreetthick'
and‘m‘raée from 50 to 35 feet 1n thickness. In approx:lmtely 50 :

j:ercent of the clay ‘beds, swelling of the clays vas noted m the _j
' ﬁeld. The remaining 50 percent of the clay beds are relatively
massive and show very little ewidence of swelling and shrinking.
Six samples of clay were collected from the clay beds to deter-
mine the kind of clay minerals present. X-ray diffraction techniques
were used. The clay beds consist chiefly of clays of the montmoril-
lonite, kaolinite, mnd 111ite groups, and fine grains of quartz and
feldspar. Several of the clay beds also contain fragments of white,
chalky bituminous shale. This wvhite, chalky shale was derived from
the erosion of the Claremont shale to the north and west of the
mapped area.
Microscopic analyses of clay stained by malachite green and

safranine-Y were used to determine the various percentages of the



clay groups in the collected samples. These analyses indicated that
the percentage of montmorillonite ranges from 35 to 95 percent and
averages from 45 to 50 percent. Kaolinite and illite are minor
constituents.

fm an engineering standpoint the chief dﬁemce among the
mntnarillonlte, i1lite, and ksolinite clay groups, is that mont-
vnor:lllon:lte mlls appreciably vhen sa.mrated by vater Tests
Cvere | ,eonthzcted on the six samles collected in the warford uesa

' ‘Bubdivisi.on to detemine the rree-mlling characteristics of the
1 al nxefollwingprocednremfollmdineonductingthe
,'"‘j;rree-mlling tem 5 nﬂliliurs of mteria.l pass:lng the 50-msh A

pcreen and reta.i.nnd on 50-mesh screen (u. 8. Bta.ndard Sieve Series)
vere eollﬁcted and placed in a grad.uata containing 10 n:lllilitern ot
vater. The mixture was left standing for aypmxmtely 30 minntes :
md the top of the clay material recorded. The percentage of ex-
pansion of the material was then calculated. All of the samples
contained montmorillonite. The expansion of the clays averaged 30
percent and ranged from 20 to 100 percent.

The yellowish-gray rhyolite tuff 'b'ed_ in the Orinda formation
was derived locally from volcanic rocks in the Berkeley Hills. The
matrix of the tuff consists principelly of montmorillonite clay.

~ The Orinda formation is mantled by soil as much as 10 feet
thick. The s0il wvas formed in place and has not been transporte@

into the area.



Structure

The general structure of the Orinda formation is a large west-

northwestward-trending symclinal trough with subordinate folds.

The mapped area lies on the southern flank of this synclinorium.

Two of the subordinate folds are represented by a west-northwestward-
trend.ing anticline in the southern part of the maprped area and a
gimilarly trending syncline in the northern part of the area.

A pronounced Joix:t system occurs 1n the Orinda formation The
Joints strike fz;om m;th to N. ao° £. and dip from 65 vest-mrthwest‘
to 75° east-southeast More ccnmonly, however, the d.ips are from
bo uest-northuest to 75° east-aoutheast. In those clay beds vhich
have expanded and shrunk vri.th vetting and drying the Joints are mt h
readily noted, but in the more massive clay beds a.nd in the sandstone
and conglomerate, the Joints are quite pronounced. The joints are ”

closely spaced, ranging from 1 to 5 feet sgpart.
Age

The Orindan formation as originally defined by A. C. Lawson
and Charles Palache (1902) applied to all of the nommarine Pliocene
deposits of northern Alameda and Contra Costa counties. Later,
Lawson (191k) changed the name of these nommerinme Plioceme deposits

to the Orinda formation.



nJ

Landslides

Several landslides are present in the Warford Mesa Subdivision.
Most of the landslides are confined to the long, north-mrtheastwa.rd-
trending canyon immediately west of the Baseline Reservoir (pl. 1).
The largest slide is in the west-central part of the mapéed area;
California State ‘Big,hvay 2h crosses over the toe of this slide.

Hany of ‘the slides are relatively old and their esca.rpnents are

he la.ndslidss are not pa.rucula.rly reatﬁcted to any lithologic
l.mit or the Orinda formetion. me cozglonerate, sand, a.nd cla.y beds

,,,,,,

a.re ™ evenly distributed that a1l observed slid:es tro.nsceml tu6 or

a.ll kof those units. With minor exccptions, the dircction of sliding

13 para.llel or nea.rly pa.tallel to the strike of the ‘beda ot the

Orinda formation. Sliding may ’be influenced by the north—mrtheastva.rd

trend.ing Joints.  Very little sliding was noted along bedding planes.
The percentage of landslides whose movement 1s pa.rallel or

neerly parallel to the strike of the beds 1s umusually high in the

Warford Mesa Subdivision. A higher percentaég of sliding should

be expected along the dip slopes of the bedding planes than occurs in

the mapped area. Time did not permit a complete study and evaluation

of this problem. A tentative explanation, however, is herein offered.

A combination of the following factors may be considered: (lj migration

of ground water, (2) a north-northeastward-trending Joint system, (3)

expansive characteristics of the clay, () sparseness of vegetation

on the east and west slopes, and (5) topography of the area. These

factors are discussed in the following peragraphs.
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1. Undoubtedly the main factor of general landsliding is the
saturation of the beds at the surface and near the surface by ground
wvater and to some extent by the surface water. In the mapped area
ground water migrates downward through the pervious conglomerate and
sand beds until it strikes an impervious clsy bed. The water flows
bofh down the dip slope of the beds and laterally along the bedding

vpla.nes, avenhmlly emerging as springs along the slopes. The develop~ .
mnt of mnh a spring can be obsemd on the State Highvay cut immedi-~

tely mst of the Varford Mesa Subdivision. -
‘ The dovnward a.md. la.teral n:lg;ra.tion of the water may take months
‘:sarhxrate the slopes to psrodnee slide conditions. For example,

engimers of the Hersey Inspection Bureau (1956) reportad that
imrm encountered at approximately 18.5 feet in a test hole
on one of th.e slidss in the north-northeastward-trending ca.nyon
impediately west of the Bﬁseline Reservoir. Their investigation
vas conducted during and immediately following the heavy rains of
December 1955. The hole was reoccupied on June 20, 1956, and the
water table was found to be 4.1 fee‘g below the surface. In the 5
or 6 months following the investigation by the Hersey Inspection
Buresu, the water table had risen approximately 1k.sh feet.

2. The Jjoint planes appear to be planss of greater weakngss.
than the bedding planes. Migrating water lubricates the closely
spaced Jjoint planes by increasing the plasticity of the clays with-
in and along the walls of the joints, thereby making the material
more susceptible to sliding.



3. The water wets the clay beds and as a result, meterielly
weakens the ‘oohesive end shearing strength of the clays.

4. Vegetation is sparser on the west and east slopes in the
area. This sparseness of vegetation provides very little if any
stabilization of the slopes.

" 5. The topography of the area is also a factor in the develop-

ment of the slides. Most of the canarons a.nd. gullies trend normal orkk

nea.rly‘nonnal to the atrike of the beds | '.I.'hus, mst of the landslidcs

mﬁs downalope will move pa:ra.llel or nearly pa.ra.llel to the strike
bedsv.‘ m: d.oes not explain, hawever, the lack of major land-
ﬁ the norhhwestward trending ca:nycn 1n the north—centre.]. pm
of the sres. . i g
'ﬂms,j the high percentage of landalides with mvement parallel k
| orma.rlyparallelto the atr:!.ke ofthebeds are causedbycombina-

tions of the above factors.
Sqilslidea

Fumerous small sollslides were noted in the area and are
shown on plate 1. These slides, which are landslides that are
restricted to t}e 80il profile, generally occur on the steeper,
vegetation-free slopes. Most of them are smaller than 50 feet
across and do not generally slide to the bottom of the slopes up-
on vhich they lie. Many of these slides tock place during or
immediately after the unmusually heavy rains of December 1955.

10



ENGINEERING GEQLOGY

The possible rejuvenation of the old landslides and the
development of new landslides present the major engineering problem
in the Warford Mesa Subdivision.

Although some of the landslides appear to be stabilized, they
are actually in a delicate sté.te of equilibrium and are mb:)ect to
mrther novmnt if thia eqou.libri\m 13 mterial]y disrupted. ‘rwo;

’ examples of furthar snding or stabilized slidea after they ware ;’

distm‘bed are d:llcussed be].cw U
Ix’z’ the ca.nyon waat ot tb.e Baselina Reaervoir, the folloving
quence of aliding mm occu.rredx A la.rge slide originating near
theb&se of the reaervoir mved dmmslope, wstwa.rd, to the botten
“of the north-northeastward- ~trending canyon, partially or completely
blocki.ng the stream that drsins the canyon. The blocked stream
gradually removed the toe of the landslide by erosion, thereby(
disrupting the equilibrium of the slide. Eventually a snalier
secondary slide occurred. This smaller slide is confined to the
older and much larger landslide.

The second example of equilibrium disruption, although not in
the mapped area;, is applicable because it occurs in similar beds
in the Orinde formation and in a sinil#r topogreaphic and structural
enviromment. In a housing development several miles east of the
mapped area, five houses were placed upon the toe 6: a relatively old
landslide. A portion of the toe was removed prior to the construction
of the homes. During or shortly after the winter rai:ns of 1955, the



landslide moved and the homes became unsuitable for occupancy.
Although the reins contributed to the rejuvenation of the slide,
an important factor wes the disruption of equilibrium by the
removal of a portion of the toe of the slide.

4 Thus, it is not safe to assume that once a landslide has

occurred, it will not slide again.

The d.evelopnent of new landslid.es on slopes as low as 30

A fe t f%horizonta.l dista.nce for every 1 foot of vertical

stance)"has#been observed in the Orinda formation. Northeast of

a) ped area a la.rge 1m1d.slide developed about the later pa.rt

ﬁn a new highm cut., nxe sLope of the cut is approximately

a,c.eu of the cut) is about 100 to 150 feet. On aeveral cuts of ’
kState Highvay 24, vhich forms the west and north boundaries of the
Warford. Mesa Subdivision site, small landslides are developing or

have developed in the recent past. The average slope of the cuts

is approximately 35 degrees, slightly steeper t.han 2:1. Many of

these slides have developed or are developing in cuts as low as

30 to 40 feet deep.
Conclusions

The following conclusions may be drawn ebout landslides in the
Warford Mesa Subidvision erea: (1) cuts in the Orinda formation with
slopes steeper than 2:1 will probably develop lendslides; (2) cuts

sloping at 2:1 or slightly less than 2:1 may or may not develop slides;



(3) landslides are more likely to occur on the westward- and eastward-
facing slopes rather than on the northwerd- and southvard—facing slopes;
(4) slides do not necessarily occur during the rainy season but me,y
develop 6 to 8 months later; (5) the tendency for landsliding in the
area will be reduced materially if proper subsurface and surface
drainsge techniques are employed end (6) the losding and unlosding of
the e:d.st:!.ng hndslides and slopes that w be susceptible to sliding

by cu,t a.nd. ﬁll construction techniques, may be mfﬁcient to diarupt
the librium o.f the slopes end start new slides or re.}uvenate

. Hersey Inspection Bureau, 1956, Preliminary soils investigation for a -

' proposed residential development, Warford Mesa, Unit 2, Orinda, -
Contra Costa County, Csaliformia. A report to A. R. Muth and sons,
on file at the Federal Housing Authority, San Francisco, California.

Lewson, A. C., and Palache, Charles, 1902, The Berkeley Hills, & detall
zf Coast Range Geology: Calif. Univ. Bull., v. 2, no. 12, p. 349-
50.

Lawson, A. C., 1914, San Francisco Folio, Tsmalpais, San Francisco,

- Concord, San Mateo, and Heywards Quadrangles: Geologlc Atlas
of the United States Folio no. 193, 24 p.
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